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FOREWORD 

The work reported herein was sponsored by the National Aero- 
nautics and Space Administration (NASA), Langley Research Center, 
Hampton, Virginia, under Program Element 9 2IE 5.   The test program 
consisted of two phases with Phase I being conducted for NASA- 
Langley and Phase II conducted for the Martin-Marietta Corporation, 
Denver Division. 

The test results presented were obtained by personnel of the von 
Karma'n Gas Dynamics Facility, ARO, Inc. (a subsidiary of Sverdrup &. 
Parcel and Associates, Inc.) contract operator of the Arnold Engineer- 
ing Development Center (AEDC), Air Force Systems Command (AFSC), 
Arnold Air Force Station,   Tennessee,  under Contract F40600-69-C-0001. 
The tests were conducted under ARO Project No. PT1019 from September 3 
to November 1,  1969.   The manuscript was submitted for publication on 
January 19,  1970. 

Information in this report is embargoed under the Department of 
State International Traffic in Arms Regulations.   This report may be 

■released to foreign governments by departments or agencies of the 
U. S. Government subject to approval of NASA, Langley Research 
Center,  or higher authority.    Private individuals or firms require a 
Department of State export license. 

This technical report has been reviewed and is approved. 

George F. Garey Roy R.  Croy, Jr. 
Lt Colonel, USAF Colonel, USAF 
AF Representative,  PWT Director of Test 
Directorate of Test 
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ABSTRACT 

Wind tunnel tests were conducted to determine the damping-in- 
pitch derivatives (Cm   + Cm») °^ 120- and 140-deg blunted, conical 
models with and without base fairings.    Measurements were made 
with a forced-oscillation dynamic balance as the model oscillated 
±1. 8 deg at angles of attack ranging from -5.9 to 39.4 deg.   Data 
were obtained at nominal Mach numbers of 0. 6 to 3 and at free- 
stream Reynolds numbers, based on maximum model diameter, 
ranging from 0.37xl06tol.62xl06.    In general for all config- 
urations the damping derivatives at a = 0 were a strong nonlinear 
function of Mach number and showed the models to be dynamically 
unstable at Mach numbers from about 1. 1 to 2. 1.    However, as 
angle of attack increased, model stability increased and the deriva- 
tives were found to vary in a less nonlinear manner with Mach num- 
ber.   At Mm = 1. 9, 2.3, and 2. 65 Reynolds number effects were 
investigated and it was noted that the damping-in-pitch derivatives 
were influenced strongly by Reynolds number.   Addition of different 
base fairings produced no large changes in the damping derivatives. 

Each transmittal of this document outside the agencies of 
the U. S. Government must have prior approval of NASA, 
Langley Research Center, Hampton, Virginia 23365. 
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NOMENCLATURE 

A Reference area (based on maximum model diameter), 
ft2 

Cj) Drag coefficient, drag/q^A 

Cm Pitching-moment coefficient, pitching moment/q^Ad 

Cmq 9 Cm/ 8 (qd/ 2V-} I     Local damping-in-pitch deriva- 
Cm^ 8Cm/a(dd/2V0O))     tives,  1/radian 

Cm Local slope of pitching-moment curve,   1/radian 

d Reference length (maximum model diameter), 
ft or in. 

SL Horizontal distance from model nose to maximum 
model diameter (see Fig. 2 a), in. 

M,,, Free-stream Mach number 

p0 Tunnel stilling chamber pressure, psia or psfa 

q Pitching velocity, radians/sec  . 

qm Free-stream dynamic pressure, lb/ft^ or psia 

Re^ Free-stream Reynolds number based on maximum 
model diameter 

r^ Maximum model radius, in. 

rn Model nose radius, in. 

T0 Tunnel stilling chamber temperature, °R 

Va Free-stream velocity, ft/sec 

W Vehicle weight, lb 

xcg Distance from model nose to center of gravity 
(pivot axis) (see Fig. 2), in. 

Vll 
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a Angle of attack, radians or deg 

a Time rate of change of angle of attack, radians /sec 

6 Osculation amplitude,  deg 
eBr  9&2 Base fairing angles (see Fig. 5c),  deg 

0C Model cone half-angle (see Fig. 2a), deg 

0m Mean osculation amplitude, deg 

w Angular frequency, radians/sec 

iod/2V<B Reduced frequency parameter, radians 

SUBSCRIPT 

t Trim conditions 

Note:   Model configuration nomenclature is explained in Figs. 2 and 5. 

vm 
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SECTION I 
INTRODUCTION 

The majority of the reentry research and development effort in 
the last decade has been directed toward reentry configurations for 
the earth atmosphere.   Increased effort is now being directed toward 
the development of a planetary probe system capable of entering the 
atmosphere of Mars and landing a scientific payload.   Although much 
of the extensive research and development effort expended upon the 
reentry vehicles for the earth atmosphere can be applied to the plane- 
tary exploration, major differences do exist.    Primarily these differ- 
ences are the result of very different atmospheric characteristics 
(low density relative to that of the earth) and higher entry velocities. 

The requirements for a planetary probe system entering a Mars- 
type atmosphere have been evaluated, and the results indicate that a 
very low ballistic coefficient (W/CDA) of the order of 3. 2 to 6.4 lb/ft2 

will be required (Ref.  1).   Additional requirements are that the con- 
figuration have high aerodynamic drag, inherent aerodynamic stability, 
sufficient volume to enclose the payload,  and a relatively lightweight 
structure.   Preliminary studies also showed that a configuration with 
high aerodynamic drag characteristics can use aerodynamic decelera- 
tion before actuation of terminal deceleration devices such as para- 
chutes or retrorockets with an appreciable saving in system weight. 
Large-angle blunted cones,  spherical segments,  and tension shells 
are three shapes that have been considered for entering planetary 
atmospheres.   Research and development groups are currently engaged 
in evaluating the aerodynamic characteristics of the candidate shapes 
in air and then determining the effects of Mars-type atmospheres on 
these aerodynamic characteristics.   Several experimental tests have 
been conducted on planetary shapes to determine the static and dynamic 
aerodynamic characteristics for subsonic to hypersonic speeds (Refs.   1 
through 14). 

The Viking project is the NASA program for the exploration of the 
planet Mars using automated spacecraft.   NASA-Langley has been 
assigned Viking project management and also detailed responsibility 
for the overall spacecraft and the lander.   The Martin-Marietta 
Corporation, Denver Division, will provide the lander and assist NASA- 
Langley in integrating the lander with the orbiter and the resulting 
spacecraft with the launch vehicle. 
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In support of aerodynamic design programs conducted by NASA- 
Langley and Martin-Marietta Corporation on the blunt cone aeroshell, 
dynamic stability tests to investigate the effects of Mach number, 
Reynolds number, angle of attack, base geometry, and center-of- 
gravity location were conducted from subsonic to supersonic speeds. 
Phase I of the test program was conducted for NASA using models 
previously built for testing in the von Karman Gas Dynamics Facility 
(VKF)(Ref.   14) and was in support of the Phase II test for Martin. 

The present NASA and Martin tests were conducted on 120- and 
140-deg blunted cones at Mach numbers from 0. 6 through 3 at Reynolds 
numbers, based on maximum model diameter, of 0. 37 x 10^ to 
1. 62 x 10°.   Data were obtained at osculation amplitudes of ±1. 8 deg 
for an angle-of-attack range from -5. 9 to 39.4 deg.    The tests were 
conducted in the Propulsion Wind Tunnels (16T) and (16S) 16-ft transonic 
and supersonic wind tunnels using a small amplitude (±3 deg) forced- 
oscillation balance. 

SECTION II 
APPARATUS 

2.1  NASA MODELS 

The 10-in.-diam models (Fig.  1, Appendix I) were supplied by 
NASA-Langley and consisted of two stainless steel blunted cones having 
semivertex angles of 60 and 70 deg.    These models were tested pre- 
viously at supersonic Mach numbers in VKF (see Ref.  14).   The blunt - 
ness ratio of the 120-deg model reported on in Ref.   14 is in error and 
should be the same as for the present tests (rn/rb = 0. 29).   For the 
present tests the hluntness ratio (r^/r^) of the 140-deg model was 
changed to 0. 5, and both models were equipped with balsa wood after- 
bodies.   Spacers were provided so that two pivot-axis locations could 
be tested, and weight rings were used" to locate the center of gravity of 
the model at the pivot axis.   Model geometries and specific model 
configuration designations are shown in Fig.  2. 

2.2 MARTIN MODELS 

The 15. 5-in.-diam models (Fig.  3) were supplied by Martin- 
Marietta and consisted of two aluminum blunted forebody cones having 
semivertex angles of 60 and 70 deg and a bluntness ratio (i^/r^) of 
0. 5.   Several different base fairing configurations (Fig. 4) were tested 



AEDC-TR -70-49 

on the forebody cones, and the forebody cones were also tested with 
only a balance shield (Fig. 3, Configs. 7B0M and 6B0M) attached 
to the base.   Spacers were provided so that up to three center-of- 
gravity locations, depending on the configuration, could be tested. 
Provisions were made to add ballast fore and aft to locate the model 
center of gravity at the balance pivot axis.   Model geometries and 
specific model configuration designations are shown in Fig. 5.    The 
140-deg forebody with base fairing 1 was the basic configuration and 
was used during the majority of the tests. 

2.3 BALANCE 

The small amplitude {±3 deg), forced-oscillation balance system 
(Ref.   15) is a one-degree-of-freedom oscillatory system incorporating 
a cross-flexure pivot.   During these tests, model oscillation ampli- 
tudes were approximately ±1. 8 deg.    The balance is forced to oscillate 
by an electromagnetic shaker motor located in the aft portion of the 
sting.    The angular displacement of the model is measured by a strain- 
gage bridge mounted on a cross flexure, and the input torque to the 
system is measured by a strain-gage bridge mounted at the minimum 
cross-sectional area of the torque beam.   Whenever the model balance 
system was oscillated at a frequency other than its undamped natural 
frequency,  electronic resolvers were used to determine the in-phase 
and out-of-phase components of the forcing torque signal.    The forcing 
system is equipped with a feedback control network as described in 
Ref.   15 to provide positive amplitude control for testing either dynam- 
ically stable or unstable configurations. 

2.4 WIND TUNNELS . 

Tunnel 16T is a variable density wind tunnel capable of operation 
from Mach numbers 0. 20 to 1. 60.    The test section is 16 ft square by 
40 ft long and is lined with perforated plates to allow continuous opera- 
tion with minimum wall interference.    The tunnel can be operated with- 
in a stagnation pressure (p0) range from 80 to 4000 psfa depending on 
the Mach number. 

Tunnel 16S is a variable density wind tunnel capable of operation 
between Mach numbers 1. 5 and 4. 75.    Stagnation pressure can be varied 
from 180 to 2300 psfa depending on the Mach number. 

Photographs and sketches of the test sections showing the location 
of the model and the support strut arrangements are shown in Fig.  6. 
A more extensive description of the tunnels is given in Ref.  16. 
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SECTION III 
PROCEDURE 

3.1  TEST PROCEDURE 

The model was oscillated at oscillation amplitudes of approximately 
±1.8 deg and the resulting time-resolved torque signal, in-phase and out- 
of-phase components of the torque signal, and displacement signal were 
recorded on magnetic tape by a high-speed digital converter and relayed 
to the computer for data reduction.   The method used for reducing the 
data may be found in Ref.  17.   A summary of the combinations of model 
configurations and wind tunnel test conditions is presented in Tables I 
and II, Appendix II. 

3.2 PRECISION OF MEASUREMENTS 

The balance was calibrated before and after the tests, and check 
calibrations were made before and after each run.   In addition, struc- 
tural damping values were obtained at vacuum conditions before the 
tunnel entry to evaluate the still-air damping contribution. 

The precision of measurement of the damping derivative for pre- 
vious tests at supersonic and hypersonic speeds using the forced- 
oscillation balance has normally been estimated to be about ±6 percent 
or ±0. 02 in Cm   + Cm<. for these tests.    The spread in the present data 
is shown in the next section to be larger than this, particularly at the 
lower angles of attack (a < 3 deg) and at the subsonic Mach numbers. 
This increased data spread can be partly attributed to installation vibra- 
tion associated with the subsonic and transonic speed regime.   Guy rods 
(see Fig.   6) were alternately used with various models to change the 
stiffness of the model sting support system so that the fundamental 
frequency of the support system was as far as possible from the model 
oscillation frequency.    The aerodynamic phenomenon which caused the 
measured model instability at o- = 0 probably also contributed to the 
data spread.    It will be of interest to note that as angle of attack 
increased and also as Mach number increased the data spread became 
less.    Considering the above comments,  it is estimated that the uncer- 
tainty in the data is about the same as the spread of the data. 

The static stability parameter (local slope of the pitching-moment 
curve) is proportional to the difference of the square of the wind-on 
frequency and the square of the wind-off frequency.    Since this frequency 
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change was less than 3 percent for the majority of the data, the esti- 
mated precision in the static stability parameter was quite large.    For 
this reason, the static stability parameter data are not presented. 

SECTION IV 
RESULTS AND DISCUSSION 

4.1   EFFECTS OF ANGLE OF ATTACK 

Typical angle-of-attack variations of the local values of the 
dynamic stability derivatives (Cm   + Cm.) for Mach numbers from 
0. 6 to 3 for the NASA and Martin models are presented in Figs.  7 
through 9.    In general, these data show that for angles of attack of 
about 4 deg and above (for the angle-of-attack range that was investi- 
gated), the damping-in-pitch derivatives were essentially constant with 
angle of attack.   At Mach numbers from 1 through 1.9 (for the Martin 
models, Figs. 7 and 8),  at the low angles of attack (0 < a < 4), the damp- 
ing derivatives decreased sharply and became positive (negative damping) 
at a = 0.    The low angle-of-attack data at M,,, = 2. 65 (Fig.  7k) and M^ = 3 
(Figs.  IS. and 8g) show the damping derivatives started to decrease with 
angle of attack but at a = 0 the configurations are dynamically stable. 
The data levels and trends are subject to change with Reynolds number 
and will be discussed in the following section.    Because of the very 
small damping encountered at a = 0 for the majority of the test condi- 
tions at Mach numbers from 0. 6 to 0. 9, the damping derivatives could 
not be measured. 

Figure 8 also shows the effect of forebody cone angle on the damp- 
ing derivatives for Mach numbers from 0. 8 to 3.    Both of these config- 
urations had similar base fairings, and the center-of-gravity location 
was at the major diameter (xCg/i = 1) for both configurations.    There 
was no significant difference in the damping derivatives of 120- and 
140-deg models except at M,,, = 1. 9 (a = 0) where the 120-deg configura- 
tion (622M) is more unstable than the 140-deg configuration (71 IM). 

Typical data from Phase I of the test program (NASA models) are 
shown in Fig.   9 for Mach numbers from 0. 6 to 1. 50.    In general, data 
for the NASA models show about the same trends and levels as the data 
obtained on the Martin models except at a = 0 where the NASA data 
generally show a larger level of instability than the Martin data. 
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4.2 EFFECTS OF REYNOLDS NUMBER 

A limited Reynolds number investigation on the basic 140-deg con- 
figuration was conducted at Mach numbers 1.9,  2. 3,  and 2. 65 (Fig.   10). 
The dam ping-in-pitch derivatives at a = 0 showing both model stability 
and instability, were a strong function of Reynolds number and showed 
different trends at each Mach number.    However, at a <** 5. 8 deg, the 
model was stable for each Mach number and the derivatives decreased 
slightly as Reynolds number increased. 

Model damping as a function of angle of attack for each Reynolds 
number at M,,, = 1. 9,  2. 3,  and 2. 65 is shown in Fig.   11a.    The deriva- 
tives, depending on Mach number and Reynolds number, showed differ- 
ent trends with angle of attack.    The angle-of-attack trends at M,,, = 2. 3 
and 2. 65 at Reynolds numbers where model dynamic stability exists 
throughout the angle-of-attack range tested show trends similar to 
those found at higher Mach numbers (see Fig.  IS. and Ref.  14). 

Figure lib shows the effect of Reynolds number oh the damping 
trends as a function of Mach number.   Although there are not sufficient 
data to be conclusive, it appears that the damping trends are similar 
for the three Reynolds numbers tested.    It is also of interest to note 
that the level of the damping derivatives at the lower Reynolds number 
(Red*? 0.4 x 106) at M,,, = 1. 9 approached more closely the level of the 
data obtained on the NASA models at the lower Mach numbers (Fig.  9) 
at a = 0. 

4.3 EFFECTS OF CENTER-OF-GRAVITY LOCATION 

The effects of center-of-gravity location on the damping deriva- 
tives at Mach numbers from 0. 7 to 3 for the basic 140-deg configura- 
tion (7B1M) are shown in Fig.  12.   As model center of gravity was 
moved aft for Mm = 1.1 to 1. 9 at a - 0, model instability increased. 
At Mm ■ 3 (or ■ 0) and for angles of attack of 2. 9 deg and greater at all 
Mach numbers,  center-of-gravity movement (xCg/i = 1 to xCg/JL = 1.428) 
did not significantly affect the damping derivatives. 

4.4 EFFECTS OF MACH NUMBER 

The effects of Mach number on the dynamic stability derivatives at 
or = 0, 2.9,  and 5. 8 deg for several configurations are shown in Figs.  13 
through 20.    The damping derivatives at a = 0 for M,,, = 1 to 3 are a 
highly nonlinear function of Mach number for all configurations tested. 
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In general for a Mach number range of about 1. 1 to approximately 2.1, 
the damping derivatives at a = 0 for all configurations showed the models 
to be dynamically unstable.    However, this is also a function of Reynolds 
number as has been discussed previously.   At an angle of attack of 5. 8 
deg, the models were stable at all Mach numbers tested and the damping 
derivatives generally increased slightly with increasing Mach number. 

4.5 EFFECTS OF BASE FAIRINGS 

Comparisons of the data for the different base fairings are shown 
in Figs.  21 through 24.   Figures 21 and 22 show the comparison of the 
damping derivatives as a function of angle of attack at M,,, = 0. 7 to 3 
for the 140-deg (Fig.  21) and 120-deg (Fig.  22) configurations with and 
without the basic base fairing.   In general the addition of the base fair- 
ing decreased the model damping; however, these differences are small 
and contained within the scatter of the data, except at M^ = 3 (a = 0) 
where the addition of the fairing for both the 140- and 120- deg configura- 
tions (Figs. 21 j and 22g, respectively) showed a definite decrease in 
model damping. 

Figures 23 and 24 show the comparison of the damping derivatives 
of base fairings C = 1 with C = 5,  and C = 3 with C = 4 on the 140-deg 
forebody at Mach numbers ranging from 0. 7 to 1. 4.    The differences 
in the base fairing geometries for these comparisons produced no large 
effects on the damping derivatives. 

SECTION V 
CONCLUSIONS 

Wind tunnel tests were conducted to determine the effects of angle 
of attack, Mach number, Reynolds number, center-of-gravity location, 
and'base fairing geometry on the damping-in-pitch derivatives of 120- 
and 140-deg blunted conical models with and without base fairings. 
Data were obtained over a Mach number range from 0. 6 to 3 at free- 
stream Reynolds numbers, based on maximum model diameter, rang- 
ing from 0. 37 x 106 to 1. 62 x 106.    Conclusions based on the results 
presented in this report are given below: 

1. All configurations were dynamically stable at angles of 
attack above approximately 4 deg for all Mach numbers 
and Reynolds numbers investigated. 
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2. The basic 140-deg configuration (721M)(xcg/je = 1. 252) at 
Mw = 1.9, 2.3, and 2. 65 showed the levels and trends of 
the damping derivatives as a function of angle of attack 
for 0 < a < 4 deg to be strongly dependent on Reynolds 
number. 

3. For all configurations the damping derivatives at a = 0 
were a highly nonlinear function of Mach number.    For 
Mach numbers from about 1. 1 to 2. 1 at the Reynolds 
numbers tested, the data at a = 0 showed all configura- 
tions to be unstable. 

4. For an angle of attack of >5. 8 deg, the damping deriva- 
tives for all configurations showed fairly smooth trends 
(slightly increasing) with Mach number. 

5. At Mm = 1. 1,   1.2,   1.4,   1.6,  and 1. 9 for the basic 
140-deg model, moving the center of gravity rearward 
at a = 0 increased model instability.    At Mm = 3 moving 
the center of gravity rearward produced no significant 
effect on model damping.   In general, as angle of attack 
increased, the damping derivatives for the 140-deg basic 
configuration at all Mach numbers were affected less by 
movement of model center of gravity. 

6. At all Mach numbers,  addition of different base fairings 
to the 140-deg forebody produced no large changes in 
the trends or levels of the damping derivatives. 
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Config. 

620H 

612M 

622M 

720M 

711M 

72 IM 

73 IM 

TABLE 1 
MODEL CONDITIONS 

Schedule 0-,   deg xCg/ z Wd 

1.000 

0.831 

0.254 

0.211 

1.000       0.254 

1.252       0.214 

*Data not presented 

t Selected portions of data presented 

8 »±1.8 deg 

U3d/2V0O x 10* 

3.80  to  10.26 

2.94  to     7.95 

3.04     to  8.34 

B4,t  C5, D3,t  E7,  H2, Nl 60 
P2,   Q3, R3,   S2, Ul 
B4,t  C5,t  D3,t E7,t E9 * F2t      60 
H2,t K2,t Nl.t Q3,t R2,t S2t 
T4,t Ult 
B4,t B6,* B7 * B8 * C5,   C7 60 
D3,   D5,    E7,   E8,  F2,t F3* 
H2,   H3,   K2,   K3, Nl,   N2 
Q3,   S2,    Ul 
B4,  C5, D3, D6*E7,   F2 70 
H2, K2, Ml, Q2,   S2,t Ul 
B4.T  B5,* C5,    C6,   D3 t D4*      70 
E7,   E8,   F2,t  F3* H2,   K2 
K3,   Nl,   N2,   Q3,   S2* Ul 
B4,  B5,  C5,    C6, D3,    D4 70 
E7,  E8,  F2,    F3,  H2,    H3 
K2, K3, M2,   Nl,  Pl.t Ql 
Q3, Q4, Rl,t SI, S2,t S3, 
Tl, T2, T5,   Ul 

A4* B4,t B5* C5,    C6 * D3 70 1.428       0.244 3.16  to     8.83 
D4* E7,    E8* F2,    F3 * H2 
H3* K2,   K3 * Nl.t N2 * Q3t 
S2* 

1.252 0.214 3.91 to 10.59 

1.000 0.171 3.05 to  8.31 

2.91  to    7.90 

723M B4, C5, D3, E7, F2, H2 
K2 

70 1,252 0.214 4.61 to 8.31 

724M 

734M* 

B4, C5, D3. E7, F2, H2 
K2, Ml.t NlT P2, Q3,t R2,* 
S2,tT3,t U2* 
B3, C4, D2, E6, Fl, HI 
Kl, Ml 

70 

70 

1.252 

1.428 

0.214 

0.244 

3.26 

4.10 

to 

to 

8.29 

7.80 

735M 

610N^ 

C5, D3, E7, F2, H2, K2 
Ml* 

70 1.428 0.244 4.02 to 6.81 

Bl, E2, J2, L2 60 0.704 0.189 2.96 to 5.53 

611N 

631N* 

Bl.t B2* E2,t E5* J2,t J4* 
L2,t L4* 
C2, C3, Dl, E3, Gl, Jl 
LI 

60 

60 

0.704 

1.000 

0.189 

0.268 

2.93 

2.59 

to 

to 

5.53 

4.31 

711N Al, E2, G2, J2, L2 70 1.066 0.178 3.12 to 6.72 

741N* • A3, Cl, El. E4, Gl, G3 
Jl, J3, LI, L3 

70 1.467 0.245 2.43 to 5.23 

742N* A2, El, Jl. LI 70 1.467 0.245 2.42 to 5.19 
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-6 
Schedule 

00 

0.60 

Red x 10" a,   deg 

Al 0.64 2.8 to 21.5 
A2 1 5.8 to 15.5 
A3 8.9 to 39.2 
A4 1.00 9.9 to 13.9 
Bl 0.70 0.57 0 to 21.4 
B2 i 25.4 to 39.3 
B3 0.87 -5.7 to 9.4 
B4 1 -5.7 to 13.3 
B5 13.3 to 30.7 
B6 i 13.3 to 26.8 
B7 1.62 12.8 
B8 0.71 0.42 13.7 
Cl 0.80 0.51 0 to 39.1 
C2 \ 5.9 to 15.6 
C3 0.76 5.8 to 15.4 
C4 0.79 -5.7 to  9.4 
C5 -5.7 to 13.4 
C6 13.4 to 32.7 
C7 ■ 13.4 to 28.8 
Dl 0.90 0.47 2.0 to 15.6 
D2 0.73 -5.7 to  9.4 
D3 -5.7 to 13.4 
D4 13.4 to 32.8 
D5 ■ 13.4 to 30.6 
D6 1.46 5.3 to  9.1 
El 1.00 0.44 0 to 15.5 
E2 0 to 21.5 
E3 2.9 to 15.6 
E4 18.2 to 39.2 
E5 25.5 to 39.3 
E6 0.68 -5.7 to  9.5 
E7 1 -5.8 to 13.5 
E8 13.4 to 32.8 
E9 1.37 2.6 to 12.9 
Fl 1.10 0.65 -5.7 to  9.5 
F2 1 1 -5.8 to 13.5 
F3 13.5 to 32.9 
Gl 1.15 0.41 0 to 15.6 
G2 I 1 0 to'21.6 
G3 18.2 to 36.9 
HI 1.20 0.63 -5.8 to  9.6 
H2 1 1 -5.8 to 13.5 
H3 13.5 to 32.9 
Jl 1.30 0.39 0 to 15.9 
J2 1 0 to 21.5 
J3 1 18.3 to 39.2 
J4 25.6 to 39.4 
Kl 1.40 0.60 -5.9 to  9.6 
K2 1 1 -5.9 to 13.6 
K3 1 13.5 to 32.9 
LI 1.50 0.58 0 to 15.5 
L2 \ \ 0 to 21.3 
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TABLE I   (Concluded) 

Schedule        TA„      Re<j x 10 -6 a,   deg 

L3 1. 50 0.58 18.1 to 36.6 
L4 \ 25.3 to 33.1 
HI 1.53 -5.8 to 13.6 
M2 \ -5.9 to 32.6 
Nl 1.60 -5.8 to 13.6 
N2 | 13.5 to 32.9 
PI 1.75 0.60 0 to 0.9 
P2 

1.90 
1 0 

Ql 0.37 0 to 5.8 
Q2 0.59 0 to 13.6 
Q3 ♦ -5.8 to 13.6 
Q4 1.02 0 to 5.6 
Rl 2.10 0.60 0 to 0.9 
R2 1 I -5.7 to 13.5 
R3 0 
SI 2.30 0.39 0 to 5.9 
S2 I 0.62 -5.8 to 13.6 
S3 1.11 -5.6 to 5.7 
Tl 2.65 0.43 0 to 5.8 
T2 0.69 0 to 5.8 
T3 1 -2.9 to 13.6 
T4 -5.8 to 13.5 
T5 1.12 0.9 to 5.5 
Ul 3.00 a; 75 ' -5.8 to 13.5 
U2 \ ♦ -4.94 
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TABLE II, 
TUNNEL CONDITIONS 

AEDC-TR-70-49 

M. 
Red x 10-6      Red x 10"6 

Po» M«,  Config. ABCMConfig. ABCN   psia 

0.60 
0.70 
0.70 
0.71 
0.80 
0.80 
0.90 
0.90 
1.00 
1.00 
1.10 
1.15 
1.20 
1.30 
1.40 
1.50 
1.53 
1.60 
1.75 
1.90 
1.90 
1.90 
2.10 
2.30 
2.30 
2.30 
2.65 
2.65 
2.65 
3.00 

1.00 
0.87 
1.62 
0.42 
0.79 

0.73 
1.46 
0.68 
1.37 
0.65 

0.63 

0.60 

0.58 
0.58 
0.60 
0.37 
0.59 
1.02 
0.60 
0.39 
0.62 
1.11 
0.43 
0.69 
1.12 
0.75 

0.64 
0.57 

0.51 
0.76 
0.47 

0.44 

0.41 

0.39 

0.58 

3.52 
2.80 
5.19 
1.31 
2.36 
3.54 
2.07 
4.13 
1.87 
3.75 
1.75 
1.71 
1.69 
1.64 
1.62 
2.49 
1.62 
1.66 
1.72 
1.11 
1.85 
3.22 
2.06 
1.41 
2.36 
4.14 
1.84 
3.05 
5.33 
4.05 

To. 
°R 

571 
574 
575 
570 
574- 
575 
575 
575 
585 
574 
575 
575 
574 
577 
576 
576 
575 
579 
561 
558 
573 
576 
571 
554 
577 
568 
554 
566 
595 
571 

qm, v„, 
psia ft/sec 

0.69 678 
0.69 786 
1.28 786 
0.33 794 
0.69 885 
1.04 886 
0.69 982 
1.38 982 
0.69 1073 
1.38 1073 
0.69 1161 
0.70 1202 
0.70 1243 
0.70 1323 
0.70 1396 
1.07 1466 
0.69 1485 
0.70 1535 
0.69 1598 
0.42 1679 
0.70 1700 
1.21 1703 
0.69 1794 
0.42 1849 
0.70 1890 
1.22 1874 
0.42 1971 
0.69 1993 
1.21 2044 
0.69 2100 
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